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Isolation of 1. Fresh leaves and stem (550 g) of Phalaenopsis
cv musashino (cryde x malibuniver) were homogemized with
MeOH and stored at room temp overnight The MeOH extract
(FR 1; 12 g) was suspended with 01 M HCI (100 ml, pH 2-3)
and extracted with Et,O(Fr 2, 1 23 g) and EtOAc(Fr 3, 046 g),
successively. The aq layer was adjusted to pH 9 with NH, and
extracted with CHCI; (Fr. 4, 0 24 g) and n-BuOH (Fr 5,102 g),
successively. The Fr 4 was repeatedly subjected to column
chromatography to give a pale yellow powder (140 mg) which
gave colourless crystalline 1 after recrystallization from EtOH
Mp 99-104° (ht. [5], mp 104 5-105°), [«]3%~245 (CHCI,,
c057), (It [5], [«]3° —15°), FDMS m/z 361 (M*), 'HNMR
(CDCl;) 276,304 (2H, dd, J = 16 Hz),298 (2H, d, J = 1 2 Hz),
3.65 (3H, s), 399, 420 (2H, ddd, J = 6, 6, 11 Hz), 7.25 (5H, s),
BCNMR. (CDCL,). 260,306, 318,429 _448 455 518,544,
548, 679,683 758 1272 1282,130.2.134.8 17101742
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DISTRIBUTION OF PIPERINE IN VEGETATIVE PARTS OF PIPER NIGRUM
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Abstract—Piperine contents of greenhouse-grown Piper mgrum plants were analysed Only traces of alkaloid were
detected 1n leaves and young shoots, more significant quantities (ca 0 03%) occurred in the root Remarkably high
amounts of piperine (ca 02%) were found, however, in mature, fully differentiated shoots reaching the contents of

commercially available white or black pepper of lower quality

Piperine (E,E-1-N-piperoylpiperidine), the pungent prin-
ciple of pepper, occurs 1n the fruit of Piper nigrum and
related species, eg P longum or P clusu [1] This alkal-
ord has also been found occaswonally mn other parts of
piperaceous plants, e.g 1n stems of P chaba [2] and 1n
the wood of P novae-hollandiae [3]. In general, however,
the assocration of pepper seeds and piperine 1s so charac-
teristic that it 1s widely believed that vegetative parts of
pepper are devoid of this substance

Our 1nterest  this question arose from plans to study
the biogenesis of piperine. We soon became aware that 1t

* Author to whom correspondence should be addressed

was extremely ditficult, if” not impossible, to achieve
flowering and fruiting of P mgrum plants in the green-
house at our northern geographical latitudes It was thus
decided to analyse vegetative plant parts for the eventual
accumulation of piperine. For this purpose, roots, young
and mature shoot segments, and young and mature
leaves, respectively, were extracted individually with
CHCI, In addition, commerctally available samples of
black and white pepper kernels were worked up as
references Qualitative analyses by reversed-phase
HPLC, based on comparison of R,s and spiking with
authentic matenal, revealed that the extracts from root
and shoot tissues contamed signtficant amounts of pipe-
rine as the main or almost exclusive component Extracts
from mature shoots in particular closely resembled those
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from pepper seeds. In contrast, only minute traces of
piperine, together with high concentrations of umdenti-
fied compounds, were detectable 1n the leaf extracts

These results were confirmed by quantitative studies
(Table 1) leading to the completely unexpected finding
that piperine concentrations in mature shoots of P nig-
rum almost reached those from commercial pepper sam-
ples of minor quality It is interesting to mention m this
context that the dried shoots even developed the charac-
teristic odour of fresh pepper upon grinding.

In further experiments, piperine from extracts of ma-
ture shoots was isolated by semi-preparative HPLC. The
purified product co-chromatographed with authentic
piperine upon TLC, and 1its nature was further sub-
stantiated by EIMS (see Experimental). Thus, there 1s no
doubt that vegetative parts of P. mgrum plants are also
capable of synthesizing piperine in appreciable amounts
and can be employed for biosynthetic studies. We are
currently concerned with experiments on this latter as-
pect, 1n particular on the question of the eventual parti-
cipation of piperoyl-CoA [4] as an activated intermedi-
ate in this process

EXPERIMENTAL

Plant material P mgrum was grown in the greenhouse (day/
might temp * 22/19°) For the expts, 2- to 4-year-old plants were
divided 1nto young shoots (41 g fr. wt) and leaves (58 g fr. wt, first
15-20 cm from shoot tip), mature shoots (77 g fr wt) and leaves
(110 g fr wt, from fully differentiated, hgnified shoots), and roots
(35 gfr wt) Samples of commercial white and black pepper were
obtained from local stores and pharmacies.

Plant parts were dried overnight at 80°, finely powdered and
Soxhlet extracted with EtOH for 3 hr This soln was evapd in
vacuo, the residue taken up in 50 ml H, O, basified with NH,OH
and extracted with 4 x50 mlCHCIl; The orgamc phase was
dried (CaSO,), evapd and the residue taken up in httle THF All
steps were carried out 1n the dark to avoid photoisomerization
of piperine

Analytical procedures Conditions for analytical HPLC were
LiChrosorb RP-18 (Merck), particle size 5 um, column 180
x3mm 1d, flow rate 1 ml/min, solvent [5] H,0-MeCN-THF
(69-32 8), detection UV 345 nm For semi-preparative sepns a
Merck LiChrosorb RP-18 column (250 x 7 mm 1d.), 7 yum par-
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Table 1 Distribution of piperine in different parts of FPiper
nigrum plants

Piperine
Plant material* (mg/g fr. wt) (mg/g dry wt)
Root 0.057 032
Leaves' young 00006 0.0049
mature 00002 00007
Shoot. young 0.0087 0070
mature 046 192
Fruit: black pepper,
sample 1 — 2.88
sample 2 — 420
sample 3 — 17.3
white pepper — 225

*Orngin and defimtion are described in Experimental

ticle size, was used with the same solvent (flow rate 5 ml/min)
Quantitative determinations were made with a computing 1n-
tegrator using pure piperine (Aldrich) as ext std Identity and
purity of piperine 1solated from plant matenial was checked by
TLC on silica gel G with toluene~EtOAc (7°3) and by EIMS
(70 eV), m/z 285 [M]* (91%), 201 [M —C,H,,N]* (100), 173
(63), 143 (35), 115 (70)
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